Introduction
Grammars of the Indonesian language usually state that there is allophonic variation in vowel realization between open and closed syllables. It is also generally claimed that there is allophonic vowel harmony, with vowels in open syllables being realized as the high variant of the relevant phoneme (e.g. isi [isi] ), whereas the low variant is found not only in closed syllables but also in open syllables which are followed by closed syllables with the same vowel in the same word (e.g. titik [tltlk]; cf. Macdonald 1976:15) .
There is no agreement in the literature as regards the vowel phonemes with respect to which this allophonic variation takes place. To mention some examples: Macdonald (1976) states that all Indonesian vowel phonemes exeept hl usually have two chief allophones, although in some areas each of the six vowels has only one pronuncation in all positions in the word (Macdonald 1976:14) . According to Teeuw (1984: 9-10 ) allophonic variation occurs with /i, e, a, o/. To mention an extreme case: Ro'is (1985:11-13) states that allophonic variation occurs only with /i/and lal.
In a study of Indonesian vowels spoken in isolation, we discovered considerable differences that could be related to the substrate language of the speakers (van Zanten and van Heuven 1984) . Hence the differences of opinion on the occurrence of allophonic variation in the grammars of the Indonesian language may have something to do with the substrate language of the informants on whose pronunciation the descriptions are based. Therefore we have used speakers of different regional languages for our research.
The regional languages concerned are Javanese, Sundanese and Toba Batak. These three languages differ in terms of their vowel inventory. 1. Javanese, like Indonesian, has a 6-vowel system (the present descrip-ELLEN VAN ZANTEN, a graduate from the University of Leiden, is a researchassociate in the Department of Linguistics at Leiden. Specialized in the phonetics of Indonesian, she is the co-author of 'A Phonetic Analysis of the Indonesian Vowel System ', NUSA 15, 1983, pp. 70-80, and tion of which is based on Ras 1985) . In open syllables, Javanese /a, e, i, o, u/ are usually realized as [a, e, i, o, u] , and in closed syllables as [et, e, 1,3 and u] (Ras 1985:3-7) . The allophones [et, e, I,o,u] are described as a little more centralized than [a, e, i, o, u] . There is one central vowel in Javanese (Ras 1985:13-16 ). This central vowel does not occur in final position in a word (Anceaux, personal communication). Normally, the penultimate syllable is stressed; if the penultimate syllable contains the vowel hl, however, then the last syllable of the word concerned is stressed. Javanese is similar to Indonesian with respect to its vowel system, and has exercised considerable influence on it. In the above-mentioned study (van Zanten and van Heuven 1984:519) we came to the conclusion that our Javanese informants are at an advantage in this respect when speaking Indonesian: We would be interested in any signs which point in the same direction in the present study. 2. The Sundanese language is a 7-vowel language. In addition to /i, e, a, o, u/ it has two central vowels (cf. Kats and Soeriadiradja 1933:VI) . The higher central vowel, spelt eu, may occur in open syllables and may bear the stress. The lower central vowel, spelt e, does not normally bear the stress and does not occur in final word position (Grijns, personal communication) . According to Nothofer (1980: 68) , the latter occurs mainly in Javanese loans, whereas eu is the regular Sundanese reflex of the inherited central vowel. We do not have any accurate information on the pronunciation of the two Sundanese central vowels. 3. According to van der Tuuk (1971:3-6) , Toba Batak has 5 monophthongal vowels, /i, e, a, o, u/, and no central vowel. Van der Tuuk mentions allophonic variation for lel and lol in Toba Batak. Nababan (1981)distinguishes7 vowel phonemes in Toba Batak: /i, e, e, a, o, o, u/. lel and /e/ are phonetically very similar, however, and their distribution is to a large extent conditioned by the following consonant, as is that of lol and lol (Nababan 1981:13-17) .
In the present study a description will be given of the quality of the 6 Indonesian monophthongs as pronounced in disyllabic words with the structure CVCV(C) by Javanese, Sundanese and Toba Batak speakers of Indonesian. Other variables, such as the duration of the vowels and stress, have not been included in the analysis.
Method (i) Recordings
The stimulus material. The 6 Indonesian monophthongal vowels were recorded as occurring in disyllabic words with the same vowel in the first and second syllables. Disyllabic words are of prime importance in the Indonesian language, and disyllabic words with the same vowel in the first and second syllables are quite common (cf. Emeis 1955:198) . The consonantal context for all six vowels was as far as possible the same. /a/ was included in the list notwithstanding its limited distribution in Indonesian; it does not occur, for instance, in the final syllable of a word, and is usually not stressed. To approximate real speech more closely, the stimulus material was embedded in carrier sentences in which the 6 vowels in isolation were also incorporated, as follows:
The stimulus words were of two different types: , I. tVjtVjC, where Vj = V 2 . The voiceless plosives /p/ and /k/ and the voiceless fricative /s/ were used for C, as it was impossible to find one single consonant for this position. For /a/ we made up the word tetep /tatap/, which does not exist in Standard Indonesian. II. CJVJCJVJ, where Vj = V 2 except in one case, pete /pstef, and where Cj arid C 2 were plosives. For /a, i, o, u/ words exactly matching Type I were found in the lexicon. In the case of/e/ and /a/ it was not possible to find such a consonantal context. It was then decided to add the nonsense words /tete/ and /tata/ to the list of stimulus words to provide an exact match with the Type I words. The words titi and tutu being rather unusual, we decided to addpipi and kuku to the list. For the complete stimulus material see Appendix 1.
Procedure. The stimulus words in their carrier-sentences were presented five times to the subjects in the same random order. The sentences appeared one at the time on a video screen. The experimenter produced the next sentence after the informant had finished reading the last one without any mistakes.
The speakers were asked to read all the sentences with the same intonation. They were warned beforehand that some sentences would contain nonsense words, and that /a/, which in Indonesian is written as 'e' and may easily be confused with the vowel /e/, which is spelled with the same letter, would now appear as 'a'. All instructions were in Indonesian.
The recordings were made in a sound-proofed booth onto a Revox B 77 2-track tape-recorder (19 cm/s) with a Sennheiser MKH 416 condenser microphone.
Informants. We obtained the cooperation of speakers of three different regional languages. For the present article, the data of the first two speakers of each regional language were analysed. The data of one extremely fast-speaking informant were replaced by those of the next speaker of the same language. The 6 informants (2 Javanese, 2 Sundanese and 2 Toba Batak) were fluent in Indonesian and stated that they frequently used their own regional language but spoke no other regional language of Indonesia.
(
ii) Measurements
In this study we are interested in allophonic variation. Accordingly, our analysis was restricted to the vowels as realized in the disyllabic stimulus words. The analysis was made by investigating the frequency spectrum of each vowel realization. The quality of vowels depends on the shape of the vocal tract which amplifies certain groups of adjacent overtones, or 'formants'. The lowest formant, Fi, is related to the degree of openness of the mouth: the higher the vowel, the lower the frequency of its Fi. The second formant, F2, corresponds to the degree of backness in a traditional vowel diagram. The first 30 ms of the steady state portion of the vowels (i.e. the vowel segment during which the intensity is fairly stable at at least 90% of its peak value) were analysed with the aid of a Hewlett-Packard 3582 A Real Time Spectrum Analyser. With this device we calculated a 256 point amplitude spectrum with 10 Hz resolution for the analysed segment from which the center frequencies of the formants were to be estimated. The vowels in all of the 16 stimulus words listed in Appendix 1 as pronounced by one informant were analysed, to get an impression of the difference between the formant values of vowels in different consonantal contexts in both nonsense words and existing words (cf. *tete and bebe). The differences being only slight, we decided to limit further analysis to the vowels in the stimulus words of the form tVjtV 2 and tV^VjC, where V a = V 2 .
Results and discussion

a, Results
The means and Standard deviations of the measured formant values of the 6 Indonesian vowels embedded in disyllabic words are listed in Appendix 2 (5 utterances per speaker; 6 speakers).
Figures 1-6
The 6 Indonesian monophthongs as pronounced in disyllabic words by 2 Javanese, 2 Sundanese and 2 Toba Batak speakers. The ellipses are estimated to enclose 4/9 of the realizations.
Dotted lines: realizations in CVCV contexts. Continuous lines: realizations in CVCVC contexts. The first vowels of the stimulus words are underlined, the second vowels are doubly underlined. Figures 1-6 present these data visually for each of the 6 speakers in F^Fj planes with logarithmic axes (lst vowel of the stimulus word underlined, 2nd vowel doubly underlined). The ellipses give an impression of the scatter of each type, with the axes along the two principal components of the distribution of the points, and the radii corresponding to one Standard deviation. Within the boundaries of the ellipses we may therefore expect to find approximately 2/3 x 2/3 = 4/9 of the realizations. Dotted lines: realizations in CVCV contexts; solid lines: realizations in CVCVC contexts. Note that the ellipses do not exactly reflect the positions of the vowels as they were pronounced. As an example, con- sider the realizations of lol by Speaker SI (Fig. 7) . These are all fairly close together, except two in the context CVCV. As a consequence, the ellipses for lol in the CVCV context are elongated (see Fig. 3 ). 
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b. Discussion
In general, each individual speaker keeps his vowel phonemes well distinguished. Some speakers seem to show special characteristics. For instance, the vowels in first syllables in the case of Speaker S2 are generally more centralized than those in second syllables. Further Figureó: Speaker TB2.
research on temporal, spectral and dynamic aspects would be necessary to explain phenomena like this.
In the present study we are especially interested in any differences in vowel realizations which may be caused by the presence or absence of a final consonant. Moreover, we would like to know whether speakers with different regional backgrounds behave in systematically different ways in this respect.
We are only interested in allophonic variation in vowel production which occurs in a systematic way, and which can thus be expected to occur again when the same speaker pronounces the same word again. The analysis of variance provided us with the data listed in Table 1 . In Table 1 , plus signs indicate which vowel phonemes (¥ 1 and F 2 taken separately) and which speakers show allophonic variation at the Ievel of significance a = 0.05 (i.e. 5% of our conclusion "there is allophonic variation" may be expected to be incorrect). Similarly, asterisks indicate where allophonic variation occurs at Ievel of significance a= 0.005 (only 0.5% of the asterisks may be incorrect). (Figs. 1 and 2 ). The production of Hl and lul of both Javanese speakers corresponds exactly with the Javanese system as described in the Introduction: it is high in open syllables and high-mid in closed syllables. For Speaker J1 the high-mid allophones are in the [e] resp.
[o] region, whiie for Speaker J2 the high-mid allophone of lul is possibly a little more centralized, as is claimed to be the case for Javanese. In the majority of cases, our Javanese speakers also use the Javanese pronunciation of lel and lol when speaking Indonesian. Both realize Indonesian lel in two different ways, depending on the consonantal environment: in the context CVCV it is fairly high and front, but in the context CVCVC it is clearly more low and more back in both syllables. The same holds for the degree of openness of Speaker Jl's lol realizations. Because of the shape of the mouth, there is as a rule less difference in degree of backness for back vowels than there is for front vowels. Speaker J2 pronounced lol in toto in the region of lol in totok four out of five times; toto appears to have been an unfamiliar word to this informant. According to Emeis, lel and lol do not occur in word final position in indigenous Indonesian (Malay) (Emeis 1955:195) . Speaker J2's lol area in the context CVCV is thus relatively large (Fig. 2) , and there is no significant difference between this speaker's realizations of lol in the context CVCV and in the context CVCVC (cf. Table 1 ). There is allophonic harmony between the two syllables: when the second syllable contains the lower allophone [e] or [o] , the vowel in the first syllable is also realized like this lower allophone. Speaker J2 pronounced toto either with both vowels high mid or both vowels low mid.
Whereas /i, e, u/ and lol thus fit nicely into the Javanese vowel system, lal and hl do not. hl, as mentioned in the Introduction, has no allophones in the Javanese language. In our data we find a significant difference in degree of backness between the second syllables of /tata/ and /tatap/ for both Javanese speakers. The /a/'s are very short, however, especially before /p/, so that the results of the measurements with respect to them should be treated with some reservation. Incidentally, the penultimate syllable of both stimulus words was stressed. lal was never realized as [o] in our data. More surprisingly, Indonesian lal as produced by our two Javanese speakers showed hardly any allophonic variation. Jl's lal in the closed second syllable of tatap is more back than in the open second syllable of tata at a= 0.05, but not at a= 0.005. Otherwise, there is no significant difference between the realizations of lal in open and in closed syllables.
Sundanese (Figs. 3 and 4) . The central vowel hl is only slightly lower when pronounced by the two Sundanese informants in the context CVCV than the high vowels l\l and lul. In the context CVCVC, however, hl is realized in the mid area, very clearly delimited by Speaker S1, and less so by Speaker S2. For the statistical significance cf. Table 1 .
It should be remembered that there are, apart from /i, e, a, o, ui, two central vowels in Sundanese. Although we do not know the exact positions of these two central vowels in the FJ/FJ plane, it seems justifiable to assume that the Indonesian hl pronunciation of our two Sundanese speakers will bear a relation to the Sundanese vowel phoneme system. The pronunciation of hl in CVCVC words would then be related to that of the Sundanese vowel phoneme spelt e, which does not occur in final position in the Sundanese language, and the pronunciation of hl in Indonesian words of the CVCV type would be related to that of the Sundanese vowel spelt eu, which may occur in open syllables and may bear a stress. To my knowledge, allophonic variation of the Indonesian vowel hl has never been mentioned in the literature. Table 1 shows that in a number of other cases, especially in second syllables, the vowel phonemes as produced by the two Sundanese speakers in both contexts differ significantly at a= 0.05, but that there is not much agreement between the two speakers. At a= 0.005 only Speaker Si's /e/'s in the second syllable differ significantly.
Toba Batak (Figs. 5 and 6 ). There is no central vowel in Toba Batak (cf. Introduction). It could therefore be expected, and is indeed testified by our data, that our two Toba Batak speakers would have difficulties in pronouncing Indonesian hl. For Speaker TB2, the position of hl in the Fi/F 2 plane is very close to lel. Speaker TB1, whose vowel areas on the whole are not very neatly separated, is especially inconsistent in the pronunciation of hl in the context CVCVC.
Van der Tuuk (1971:3-6) , who distinguishes 5 vowel phonemes, /i, e, a, o, ui, in Toba Batak, mentions allophonic variation for lel and lol, and Nababan (1981:13-17) even distinguishes 7 vowel phonemes, including /e, e, o, ol. There is, however, no consistent allophonic variation of lol in our data. At level a= 0.005 there is allophonic variation in 9 cases, including lel, for the two Toba Batak speakers, but there is no agreement between the two informants at this level. At level a= 0.05 there is some consistency between the two speakers as far as lel and hl are concerned. It should be remembered that our data are restricted to the context tVtVC; other stimuli might produce different results.
Harmony between vowels in first and second syllables. We have found five clear instances of allophonic variation: Javanese /e, o, i and u/ and Sundanese hl. Of these, Javanese /e/ and lol and Sundanese hl show allophonic harmony between the vowels in the first and second syllables, whereas Javanese l\l and lul do not.
There are more cases of significant variation of the vowel phoneme in the second syllable than in the first syllable. This difference between V t and V2 is even more pronounced at level of significance a= 0.005 than at the a= 0.05 level (cf. Table 2 . Number of cases of allophonic variation at the 2 levels of significance.
This difference can be attributed for a large part to the Javanese variation in the pronunciation of hl and lul in second syllables and not in first syllables (7 and 6 cases at the levels of significance <i= 0.05 and a = 0.005 respectively). Secondly, at the higher level of significance part of the difference between Vi and V2 is caused by the Toba Batak speakers, and more specifically Speaker TB2 (5x). The data seem to point to a tendency to differentiate more between second syllables than between first syllables.
Conclusions
In this study we have discovered, alongside speaker-dependent variation, several instances of vowel realization which can be related to consonantal context. 1. Javanese lel and less clearly lol are high-mid in both syllables in the context CVCV, but low-mid in both syllables in the context CVCVC. 2. In the context CVCV hl and lul as pronounced by the Javanese speakers are high in both syllables; in the context CVCVC hl and lul are high in the first syllable, but high-mid in the second syllable; in these instances there is no harmony between the first and second syllable. 3. Both Sundanese speakers pronounced hl in both syllables nearly as high as the high vowels hl and lul in the context CVCV. In the context CVCVC, however, hl was realized in the low-mid area in both syllables. 4. For the Toba Batak speakers there did not seem to be any systematic variation in vowel realization which can be related to consonantal context.
Our data, which are, it should be remembered, restricted to six speakers and to one consonantal context -including nonsense words -, allow us to draw the tentative conclusion that Indonesians are influenced by the vowel system of their regional language when speaking Indonesian and that allophonic variation depends largely on the regional background of the speaker. To us this offers an explanation for the diverging opinions in grammars of the Indonesian language as to the Indonesian vowel phonemes with respect to which allophonic variation takes place. The question remains why allophonic variation has never been mentioned with respect to hl.
Finally, there is a considerable difference between Javanese speakers on the one hand, and Sundanese and Toba Batak speakers on the other. The raising of the level of significance from a=0.05 to a=. 0.005 reduced the number of significant cases by half for the Sundanese and the Toba Batak speakers, but had but little effect for the two Javanese speakers: a drop from 23 to 19 cases. The allophonic effect is now more pronounced and the Javanese speakers seem to be more consistent than the other speakers. This may be related to our earlier conclusion (van Zanten and van Heuven 1984:519) that the Javanese, as speakers of a dialect that is similar as regards its vowel system to the standard language, are at an advantage when speaking Indonesian.
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